Introduction
Solid waste management is one of the major environmental concerns worldwide. In India, the scrap tyres are being generated and accumulated in large volumes causing an increasing threat to the environment. In order to eliminate the negative effect of these depositions and in terms of sustainable development, there is great interest in the recycling of these non-hazardous solid wastes. The potential of using rubber from worn tyres in many civil engineering works has been studied for more than 30 years. Applications where tyres can be used have proven to be effective in protecting the environment and conserving natural resources. In recent times with the increase in the demand for infrastructure and feasible foundation design in not applicable due to poor bearing capacity of ground soil stabilization has started to take a new shape. Stabilization is process of fundamentally changing the chemical properties of soft soils by adding binders or stabilizers, either in wet or dry conditions to increase the strength and stiffness of the originally weak soils(Yilmez and Degirmenci, [1] ; Lee and Lee, [2] ). With the availability of better research, materials and equipment soil stabilization is emerging as a popular and cost-effective method for soil improvement. With the availability of better research, materials and equipment soil stabilization is emerging as a popular and cost-effective method for soil improvement.
In the present investigation attempt is made to stabilize black cotton soil and shedi soil. Black cotton is collected from Vidyagiri area of Bagalkot city and shedi soil is collected from Haliyal road of Dharwad city area with randomly distributed shredded rubber tyre chips with 5%, 10%, 15% and cement with 2% and 4% percentage. The unconfined and CBR tests were carried out in the laboratory for different mix proportions of rubber with black cotton soil and shedi soil. Considerable improvement is found in strength of black cotton and shedi soil for the 5% percent mix of rubber.
(Ca 3 A) and tetra calcium alumino-ferrite (Ca 4 AF). The compounds in the Portland cement are transformed on addition of water. Hydration of cement occurs and major hydration products are formed when the pore water of the soil comes in contact with cement. The products are hydrated calcium silicates, hydrated calcium aluminates and hydrated lime (Croft, J.B [5] ; Al-Rawas, et al., [6] ). The first two of the hydrated products are the main cementations products and the hydrated lime is deposited as a separate phase. A hardened skeleton matrix is formed when these cement particles bind the adjacent cement grains together and encloses the unaltered particles. The silicate and aluminate phases are internally mixed and may not completely crystalline. The hydration products induce cementation between the soil particles when cement content is sufficiently high. Part of calcium hydroxide may also be mixed with other hydrated phase. In addition to primary reaction process there is also secondary phase between the liberated calcium hydroxide and alumina and silica of soil clay that leads to the formation of additional calcium silicate hydrates and calcium aluminate hydrates. The pozzolanic reaction increases the pH (Peech [7] ) of pore water due to the dissolution of the hydrated lime and the strong base dissolves soil silica and alumina from clay minerals. The hydrous silica and alumina slowly react with calcium ions liberated from hydrolysis of cement to form insoluble compounds that harden on curing to stabilize the soil.
II.
Materials And Methodology
2.1Black cotton soil
Black cotton soil is collected from 1m below ground level at Vidyagiri area of Bagalkot city, Karnataka state. The Latitude and Longitude of the area is 16°12'0N and 75°45'0E respectively. Index, physical and engineering properties are given in the table 1.
Shedi soil
Shedi soils are commonly found in south-west coastal belt in India. 
2.3Cement
An Ordinary Portland Cement (OPC) of 53 grade has been used for treatment of the selected soil in order to modify its properties such as unconfined compressive strength and California bearing ratio. 
Shredded tyre rubber
Shredded tyre material was obtained from the waste generated from tyre re-threading industries at Dharwad. The shredded tyre material used is of size 10mm to 25 mm in length. The shreds have a thickness ranging from 2 to 3 mm and they don't contain any steel wire or nylon fibres. Specific gravity of tyre shreds obtained with a pycnometer test ranges from 0.90 to 1.12.
III. Experimental Methods

Preparation of specimens for unconfined compressive strength test.
The soil passing through 425µ sieve is mixed with varying percent of cement i.e. 2%, and 4% cured for 4, 7, 14days soil samples are prepared with different percentage i.e.0%, 5%, 10%, and 15% of shredded rubber chips at optimum water content total forty eight samples were prepared. The maximum dry density (MDD, γ dmax ) and optimum moisture content (OMC) for the soil-shredded rubber mix is determined from standard Proctor test as per IS: 2720, Part VII-1980. Soil is mixed with cement and rubber shreds with optimum amount of water for the mix as obtained from standard proctor test. The samples were prepared by dynamic compaction method. The molding device consists of a steel tube with internal diameter of 34mm and height 70mm.These prepared soil specimens are kept for curing ages of 4, 7 and 14 days in desiccators.
Testing of specimen for unconfined compressive strength test.
The unconfined compressive strength test is conducted in accordance with IS 2720 part X, 1991. The specimen is placed on bottom plate of loading device the bottom plate is adjusted to make contact with the specimen. Force is applied so as to produce an axial strain rate of 0.5 to 2 percent/min, as per IS 2720 part X, 1991 to the specimen until the shear failure or until a vertical deformation of 20% is reached. Displacement is measured by strain gauge. Finally compressive strength is calculated based on failure load and corrected area.
Preparation of specimens for California bearing ratio test.
First soil is kept for air drying then it is mixed directly mixed with stabilizing agent with different percentages of cement i.e. 2% and 4% with shredded rubber chips of 5, 10, and 15 percent at optimum water content (OMC). The maximum dry density (MDD, γ dmax ) and optimum moisture content (OMC) for the soilshredded rubber mix is determined from standard Proctor tests. Tests were carried out in soaked and unsoaked condition. The samples were prepared by dynamic compaction method. The mould consists internal diameter of 150mm and height 175mm, collar is of 50mm height. The unsoaked samples are cured in with wet gunny bags to facilitate hydration of cement. Unsoaked samples are cured for 4, 7 and 14 days so that the room temperature is maintained. Soaked samples are cured in water tank for curing ages of 4, 7 and 14 days which allows free access of water from top and bottom.
Testing of soil samples for California bearing ratio test.
The California bearing ratio test is conducted is in accordance with IS 2720 part XVI, 1987. The loading frame is with loading capacity of five tonnes provided with proving ring and a dial gauge reading to 0.01mm. Soil samples are placed on bottom plate of loading device the base plate. Annular surcharge weight equal intensity of base material and the pavement is placed to prevent upheaval of soil. Load is applied at a strain rate of 1.25 mm/min, as per IS 2720 part XVI, 1987.Penetration is measured by strain gauge. Load is recorded at the penetration of0.0, 0.5, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 7.5, 10.0 and 12.5 mm. CBR value is expressed as a percentage of the actual load causing the penetrations of 2.5 mm or 5.0 mm to the standard loads. The greatest value calculated for penetrations at 2.5mm and 5.0mm will be recorded as the CBR. The California bearing ratio is calculated as follows: California bearing ratio (C.B.R) = x 100 ………………………..(i) Where, Pt = corrected test load corresponding to the chosen penetration from the load penetration curve Ps = standard load for the same depth of penetration
IV. Results And Discussions
Unconfined Compressive Strength Tests and California bearing ratio tests are conducted for black cotton soil and shedi soil with 2% and 4% cement with the varying rubber percentage i.e 0%,5%,10% and 15% and the results were noted and compared as shown in the tables and figs.
The given below typical graphs of unconfined compressive strength shows variation of unconfined compressive strength and California bearing ratio test shows the variation of California bearing ratio both soaked and unsoaked for curing period of 4, 7 and 14 days with the addition of 2% and 4%cement. fig 1 it is clearly known that for 2%cement, maximum unconfined compressive strength at the rubber content of 5% and curing period of 14 days for black cotton soil is 74 kPa where as for shedi soil it is 201kPa. Similarly From the table 4 and fig1 it is noted that with addition of 4%cement for 5%rubber content and curing period of 14 days maximum unconfined compressive strength for black cotton soil is 246 kPa where as for shedi soil it is 328kPa.This indicates that the increase in the curing period leads to an increase the unconfined compressive strength at an optimum mix of 5% shredded rubber. This indicates that there is an increase in the stiffness of the stabilized soil is not only due to the hydration of cement with time but optimum rubber content. The observed results are well matching with the results of(Meei-Hoan Ho and CheeMing Chan [8] ).
California bearing ratio test for black cotton soil and shedi soil with 2% and 4% cement (unsoaked).
The maximum California bearing ratio for 2% cement content at the rubber content of 5% and curing period of 14 days for black cotton soil is 4.33% where as for shedi soil it is 16.68%. This can be observed in the  table 5 and fig 2 and from the same table 5 and fig2 it is also noted that at the rubber content of 5% for 4% cement and curing period of 14 days, maximum California bearing ratio for black cotton soil is 12.83% where as for shedi soil it is 21.06%.This indicates that the increase in the curing period leads to increase in California bearing ratio at an optimum mix of 5% shredded rubber. This indicates that there is an increase in the bearing capacity of the stabilized soil is not only due to the hydration of cement with time but optimum rubber content. Similar results were reported by (KoteswaraRao et al., [9] ).
California bearing ratio test results (soaked) for black cotton soil and shedi soil with 2% and 4%
cement Table 6 and fig 3 it is noted that for 2% cement at rubber content of 5% and curing period of 14 days the maximum California bearing ratio for black cotton soil is 2.93% where as for shedi soil it is 12.52%when it is soaked. Similarly 4% cement content at the rubber content of 5% and curing period of 14 days for black cotton soil is 11.16% where as for shedi soil it is 13.79%.This indicates that the increase in the curing period leads to an increase in California bearing ratio the at an optimum mix of 5% shredded rubber. This indicates that there is an increase in the bearing capacity of the stabilized soil is not only due to the hydration of cement with time but optimum rubber content. An increase in CBR value can significantly reduce the total thickness of the pavement. Similar results were reported by (KoteswaraRao et al., [9] ).
Volumetric reduction of pavement
The Indian Road Congress has recommended a CBR design chart shown in fig 4. Different curves A, B, C, D, E, F and G have been given based on volume of commercial vehicles shown in table 3. In order to design a pavement by CBR method, first the soaked CBR value of soil subgrade is evaluated. Then the appropriate design curve is chosen by taking the anticipated traffic into consideration. The design curve can be selected by using the formula, A=P (1+r) (n+10) ………………………….(ii) Where, A = number of heavy vehicles per day for design P = number of heavy vehicles for design at least count r = annual rate of increase of heavy vehicles n = design life of pavement. 
V. Conclusions
1) The unconfined compressive strength and California bearing ratio increases with the increase in cement content at an optimum fiber content of 5%. 2) The unconfined compressive strength has increased from 15KPa to 74Kpa for 2% cement and 246Kpa for 4% cement for black cotton soil. 3) Shedi soil shows an increase in unconfined compressive strength from 59.40 KPa to 201KPa whereas for 4% cement content it has increased to 328KPa. 4) Deep foundations and raft foundations for structures on soil with low bearing capacity can be replaced by shallow foundation with soil stabilized by shredded rubber waste. 5) California bearing ratio (soaked) has increased from 1.24% to 11.16% for 4% cement which reduces pavement thickness by 64.51% for black cotton soil. 6) Shedi soil shows an increase in California bearing ratio (soaked) from 2.63% to 13.79% which reduces pavement thickness by 66.66%. 7) Increases in CBR value significantly reduce the total thickness of the pavement and hence the total cost involved in the project. 8) Shredded rubber fiber can be considered as a good reinforcement material.
For further investigation, laboratory tests can be carried in the same way with other stabilizing agents and shredded rubber tyre.
